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[0039] For low pressure turbine radial compactness, there
may be a relatively high ratio of radial span (R ,-R,) to radius
(Roor R,). Radial compactness may also be expressed in the
hub-to-tip ratio (RzR ;). These may be measured at the maxi-
mum R, location in the low pressure turbine section. The
exemplary compact low pressure turbine section has a hub-
to-tip ratio close to about 0.5 (e.g., about 0.4-0.5 or about
0.42-0.48, with an exemplary about 0.46).

[0040] Another characteristic of low pressure turbine radial
compactness is relative to the fan size. An exemplary fan size
measurement is the maximum tip radius R, . of the fan
blades. An exemplary ratio is the maximum R , along the low
pressure turbine section to R, of the fan blades. Exem-
plary values for this ratio are less than about 0.55 (e.g., about
0.35-55), more narrowly, less than about 0.50, or about 0.35-
0.50.

[0041] To achieve compactness the designer may balance
multiple physical phenomena to arrive at a system solution as
defined by the low pressure turbine hub-to-tip ratio, the fan
maximum tip radius to low pressure turbine maximum R,
ratio, the bypass area ratio, and the bypass area ratio to low
pressure turbine airfoil count ratio. These concerns include,
but are not limited to: a) aerodynamics within the low pres-
sure turbine, b) low pressure turbine blade structural design,
¢) low pressure turbine disk structural design, and d) the shaft
connecting the low pressure turbine to the low pressure com-
pressor and speed reduction device between the low pressure
compressor and fan. These physical phenomena may be bal-
anced in order to achieve desirable performance, weight, and
cost characteristics.

[0042] The addition of a speed reduction device between
the fan and the low pressure compressor creates a larger
design space because the speed of the low pressure turbine is
decoupled from the fan. This design space provides great
design variables and new constraints that limit feasibility of'a
design with respect to physical phenomena. For example the
designer can independently change the speed and flow area of
the low pressure turbine to achieve optimal aerodynamic
parameters defined by flow coefficient (axial flow velocity/
wheel speed) and work coefficient (wheel speed/square root
of'work). However, this introduces structural constraints with
respect blade stresses, disk size, material selection, etc.

[0043] Insome examples, the designer can choose to make
low pressure turbine section disk bores much thicker relative
to prior art turbine bores and the bores may be at a much
smaller radius R. This increases the amount of mass at less
than a “self sustaining radius”. Another means is to choose
disk materials of greater strength than prior art such as the use
of' wrought powdered metal disks to allow for extremely high
centrifugal blade pulls associated with the compactness.

[0044] Another variable in achieving compactness is to
increase the structural parameter AN? which is the annulus
area of the exit of the low pressure turbine divided by the low
pressure turbine rpm squared at its redline or maximum
speed. Relative to prior art turbines, which are greatly con-
strained by fan blade tip mach number, a very wide range of
ANZ values can be selected and optimized while accommo-
dating such constraints as cost or a countering, unfavorable
trend in low pressure turbine section shaft dynamics. In
selecting the turbine speed (and thereby selecting the trans-
mission speed ratio, one has to be mindful that at too high a
gear ratio the low pressure turbine section shaft (low shaft)
will become dynamically unstable.
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[0045] The higher the design speed, the higher the gear
ratio will be and the more massive the disks will become and
the stronger the low pressure turbine section disk and blade
material will have to be. All of these parameters can be varied
simultaneously to change the weight of the turbine, its effi-
ciency, its manufacturing cost, the degree of difficulty in
packaging the low pressure turbine section in the core cowl-
ing and its durability. This is distinguished from a prior art
direct drive configuration, where the high bypass area ratio
can only be achieved by a large low pressure turbine section
radius. Because that radius is so very large and, although the
same variables (airfoil turning, disk size, blade materials, disk
shape and materials, etc.) are theoretically available, as a
practical matter economics and engine fuel burn consider-
ations severely limit the designer’s choice in these param-
eters.

[0046] Another characteristic of low pressure turbine sec-
tion size is airfoil count (numerical count of all of the blades
and vanes in the low pressure turbine). Airfoil metal angles
can be selected such that airfoil count is low or extremely low
relative to a direct drive turbine. In known prior art engines
having bypass area ratio above 6.0 (e.g. 8.0-20), low pressure
turbine sections involve ratios of airfoil count to bypass area
ratio above 190.

[0047] With the full range of selection of parameters dis-
cussed above including, disk bore thickness, disk material,
hub to tip ratio, and R /R4, , the ratio of airfoil count to
bypass area ratio may be below about 170 to as low as 10.
(e.g., below about 150 or an exemplary about 10-170, more
narrowly about 10-150). Further, in such embodiments the
airfoil count may be below about 1700, or below about 1600.
[0048] One or more embodiments have been described.
Nevertheless, it will be understood that various modifications
may be made. For example, when reengineering from a base-
line engine configuration, details of the baseline may influ-
ence details of any particular implementation. Accordingly,
other embodiments are within the scope of the following
claims.

What is claimed is:

1. A turbofan engine comprising:

an engine case;

a gaspath through the engine case;

a fan having a circumferential array of fan blades;

a compressor in fluid communication with the fan;

a combustor in fluid communication with the compressor;

a turbine in fluid communication with the combustor, the
turbine having a low pressure turbine section; and

a speed reduction mechanism coupling the low pressure
turbine section to the fan,

wherein:
a bypass area ratio is greater than about 6.0; and

aratio of'an low pressure turbine section airfoil count to the
bypass area ratio is less than about 170.

2. The engine of claim 1 wherein:

the bypass area ratio is greater than about 8.0.

3. The engine of claim 1 wherein:

the bypass area ratio is between about 8.0 and about 20.0.
4. The engine of claim 1 further comprising:

a fan case encircling the fan blades radially outboard of the
engine case.



